Abstract: This paper presents a parallel kinematic structure for use in a Single Port Robotics system. To derive good haptic feedback, design is accomplished considering haptic aspects like stiffness and dynamic positioning, thus a parallel kinematic setup is chosen. By appling a kinematic diagram a parallel kinematic structure is identified that enables a spatial movement of an intracorporal end effector with 4 degrees of freedom (DOF). The central design variables are identified and specified. A first technical design for the manipulator is presented.
Introduction
The development of the presented Single Port Robotics system is done considering transanal rectumresection [1] . Like conventional minimally invasive techniques this procedure suffers from the loss in mobility and haptic feeback. Additional drawbacks are the less ergonomic working position of the surgeon and missing triangulation. To overcome these drawbacks, the aim of the project FLEXMIN is to develop a teleoperation Single Port Robotics system including haptic feedback [2] . The system consists of a haptic user interface and a single port instrument shown in figure 1. The single port instrument includes a 3D-camera, a working channel, and -as main components-two manipulating arms. An integrated force sensor measures the applied forces which are displayed to the surgeon through the haptic user interface. Based on the application scenario [1] the specifications for the manipulators are formulated. A clindric workspace with 40 mm diameter and 60 mm in length is determined. The end effector's mobility is defined to be at least 4 DOF and 5 N of soft tissue interaction force have to be applied. Because of the haptic feedback a need for a stiff manipulator which can perform dynamic movements with at least 20 cm/s applies.
Methods
To fullfil the defined specifications the manipulators are realized using a parallel kinematic structure. To define the workspace a leading chain with a CRRR 1 structure is chosen [3] . Figure 2 shows the distribution of DOF along the leading chain. Considering a universal joint and a length L 1 of 60 mm, the deflection angle within the whole workspace is less than 33.7
• , thus an infinite rotation ϕ 1 results in an infinite longitudinal rotation of the end effector. The determined kinematic setup displays the 4 laparoscopic DOF including gripping functionaltiy at the distal tip. To generate a powerful motion, mechanical energy is transferred to the distal tip through rigid rods. Transfering linear and rotatory motions q 1 -q 3 and ϕ 1 -ϕ 3 leads to a space saving construction providing up to six active intracorporal DOF. To achieve a spatial motion of the Tool Center Point (TCP), two kinematic subchains with CRRRRR structure are added and connected to the leading chain. The distribution of DOF along the subchains is obtained by applying a kinematic diagramm [3] shown in figure 3 and by proving Grübler's Mobility formula (equation 1).
For the chosen CRRRRR structures equation 1 is fullfiled so the mechanical system is constraint. As a consequence, a displacment ∆q 1 , ∆q 2 and ∆q 3 causes a position change of the TCP. Because of the direct coupling, the TCP can perform dynamic and stiff movements. After defining the parallel kinematic structure, the variables L 1 -L 7 and the variable positions P 1 and P 2 are identified and a kinematic model is implemented under Matlab. The optimal positions P 1 and P 2 are determined using a first technical design made with a CAD Tool. The arrangement of the driving rods, the 3D-camera and the working channel is depicted in figure 4 . By arranging the driving rods around the working channel, the stiffness of the manipulator is increased, thereby avoiding a collision with the 3D-camera.
To reduce the number of variables, L 3 is set equal L 2 and L 5 is set equal L 4 leading to a symmetric structure. The variables L 6 and L 7 are set to zero, thus the inverse kinematic calculation is simplified and an algebraic solution approach can be applied. To determine the variables L 2 and L 4 , their effect on the transmission behavior of the kinematics is analysed by calculating the inverse kinematics and the Jacobian matrix for various combinations.
Results
Based on the performed kinematic simulations, the value for L 3 is set to 30 mm and for L 5 is set to 25 mm. With these values the desired workspace can be achieved. The driving rods have to perform 74 mm displacement, provide static forces less than 27.5 N, and dynamic movements up to 30.9 mm/s. Thus, a TCP speed of 20 cm/s and 5 N manipulation force are guaranteed. With the chosen kinematic structure and the determined geometric values, a first technical design of manipulator is developed (figure 4). The shown single port instrument is inserted into a guide tube. Two manipulatoring arms are realized. The 3D-camera's rod lense including a light source is placed in the upper region. To guarantee access to the field of operation the work channel is placed into the center of the shaft. 
Discussion
The presented parallel kinematic structure displays the 4 laparoscopic DOF at the distal tip of a rigid shaft which allows to build a single port instrument. As a parallel kinematic setup is chosen, the manipulators are well adapted for the use in a haptic device.
Further steps are to extend the kinematic structure so the rotation ϕ 2 enables the gripping function. An additional DOF is desirable, thus ∆ϕ 3 would change the orientation of the end effector and triangulation can be achieved. A first prototype of the presented manipulator (figure 4) will be set up to provide a proof of concept. Based on the derived specifications, an actuation concept for generating the translation and rotation movement of the rods will be realized.
